and 17 women, ranging in age from 52 to 77 years, with a mean of 63.7±6.47 years. All patients had undergone hepatectomy with extrahepatic bile duct resection (Table 1) . Cumulative postoperative survival rates were compared among gross types, clinicopathological parameters, final stages, and final curability. Positive and negative groups were defined by scores of 0 and 1 or higher, respectively, for ly, v, pn, pHinf, pGinf, and pN. Negative and positive resection margins were defined by a score of 0 or 1 and that of 2, respectively, for pHM, pDM, and pEM. Because of the small number of combined resections, cumulative postoperative survival rates were not compared among pPanc, pDu, pPV, and pA. Pathological examination was performed according to the General Rules for Surgical and Pathological Studies on Cancer of the Biliary Tract by the Japanese Society of Biliary Surgery [1] . Survival curves by parameters were calculated by the Kaplan-Meier method. The significance of differences was analyzed by the log rank test. Multivariate analysis was performed by using cluster analysis. P values less than 0.05 were considered significant.
RESULTS
The patients had overall 3-and 5-year survival rates of 28.2% and 17.7%, respectively ( Fig. 1) , and a 50% survival time of 2.2 years.
Survival rates by gross type
Cancers were classified into localized and invasive papillary or nodular expansion types. The 3-and 5-year survival rates of patients with localized types were both 33.3%, whereas the 3-and 5-year survival rates of those with invasive types were 27.4% and 15.6%, respectively. The invasive types tended to lead to better survival rates than their localized counterparts, with no significant differences.
Survival rates by histological type
Thirty-six cancers were analyzed, excluding 1 of unknown histopathology (no histopathological record). Cancers were divided into well-differentiated papillary (pap) and tubular adenocarcinomas (tubl) and other histological types. The 3-and 5-year survival rates in the well-differentiated types were 37.9% and 25.2%, respectively, and the 3-year survival rate in other histological types was 18.8%. The well-differentiated types tended to lead to a better survival rate, with no significant difference from that in the other types.
Survival rates by histological depth of cancer invasion
A greater depth of invasion tended to be associated with a poorer prognosis. The 3-and 5-year survival rates were 55.0% and 45.8%, respectively, in the s(-) group, that is, a group without serosal exposure of cancers with invasion depths of m, fm, and ss, and 11.6% and 0%, respectively, in the s(+) group with serosal exposure of cancers with invasion depths of se and si. Thus, the prognosis was significantly better in the s(-) group (Fig. 2) .
Survival rates by the presence or absence of neurovascular invasion
Lymphatic invasion (ly): Thirty-six cancers were analyzed, excluding 1 of unknown histopathology. The 3-and 5-year survival rates in the ly(-) group were significantly higher, both at 68.6%, than 20.1% and 8.1%, respectively, in the ly(+) group. Venous invasion (v): Twenty-nine cancers were analyzed, excluding 8 of unknown histopathology. The 3-and 5-year survival rates in the v(-) group tended to be higher, but not significantly, both at 53.6%, than 26.5% and 10.6%, respectively, in the v(+) group. Neural invasion (pn): Thirty-six cancers were analyzed, excluding 1 of unknown histopathology. The 3-and 5-year survival rates in the pn(-) group were significantly higher, both at 71.4%, than 17.9% on the 3-year survival rate in the pn(+) group.
Survival rates by the presence or absence of histological invasion of other organs (extension to the surrounding tissue)
Direct intrahepatic invasion (pHinf): Thirty-three cancers were analyzed, excluding 4 of unknown histopathology. The 3-and 5-year survival rates in the pHinf(-) group were significantly higher, at 43.6% and 34.9%, respectively, than 16.7% on the 3-year survival rate in the pHinf(+) group. Gallbladder-side invasion (pGinf): Thirty-six cancers were analyzed, excluding 1 of unknown histopathology. The 3-and 5-year survival rates in the pGinf(-) group tended to be higher, but not significantly, at 34.7% and 27.8%, respectively, than 18.2% and 0%, respectively, in the pGinf(+) group.
Survival rates by the presence or absence of lymph node metastasis
Thirty-five cancers were analyzed, excluding 2 of unknown histopathology. The 3-and 5-year survival rates in the pN(-) group tended to be higher, but not significantly, at 35.4% and 28.3%, respectively, than 21.4% and 7.1%, respectively, in the pN(+) group.
Survival rates by the presence or absence of histological residual cancer in the resection margin
Hepatic-side ductal margin (pHM): Thirty-six cancers were analyzed, excluding 1 of unknown histopathology. The 3-and 5-year survival rates in the pHM(-) group were significantly higher, at 35.7% and 29.8%, respectively, than 16.7% and 0%, respectively, in the pHM(+) group (Fig. 3A) . Duodenal-side ductal margin (pDM): Thirty-five cancers were analyzed, excluding 2 of unknown histopathology. The 3-and 5-year survival rates in the pDM(-) group were 22.9% and 18.3%, respectively, and the 3-year survival rate in the pDM(+) group was 66.7%. No difference was noted in the survival rate (Fig. 3B) . Excision plane margin (pEM): Thirty-five cancers were analyzed, excluding 2 of unknown histopathology. The 3-and 5-year survival rates in the pEM(-) group were significantly higher, at 29.9% and 24.9%, respectively, than 14.3% and 0%, respectively, in the pEM(+) group (Fig. 3C) .
Survival rates by final stage
Significant differences were noted among cumulative survival rates by final stage; in particular, the difference was marked between the stage I+II group and the stage III or higher group (Fig. 4) . The 3-and 5-year survival rates were both 51.5% in the final stage I/II group, and 18.5% and 4.6%, respectively, in the final stage III or higher group.
Survival rates by final curability
The final curability A/B group had a significantly better prognosis than the final curability C group (Fig.  5) . The 3-and 5-year survival rates were both 34.2% in the final curability A/B group, and the 3-year survival rate was 22.2% in the final curability C group.
DISCUSSION

History of surgical treatment of hilar cholangiocarcinoma
Hilar cholangiocarcinoma has attracted attention under the name of Klatskin tumor [2] , since Klatskin [3] reported in 1965 that cancers in this location frequently caused fatal hepatic failure despite their small size and slow growth with infrequent metastasis. Since hilar cholangiocarcinomas are in an anatomically complex location, radical surgery is difficult to perform despite their small size, and they have been generally regarded as tumors that are anatomically difficult to treat [4] . Later, the anatomy of the hepatic hilum was gradually clarified [5] [6] [7] , and aggressive resection including hepatectomy came to be performed [8] [9] [10] [11] . The history of surgical treatment began in 1954 with Brown's success in the two-stage resection of the extrahepatic bile duct [12] . However, the so-called Longmire's operation [13] (involving internal fistulation by left intrahepatic cholangiojejunostomy) and the report of Terblanche et al. [14] that bypass surgery alone without local resection achieved long-term survival may have discouraged surgeons against trying surgical resection in the 1970s. The surgical technique of Cameron et al. [15] involving local bile duct resection followed by cholangiojejunostomy and percutaneous silicon tube stenting promoted resection therapy to some extent. Hart and White [16] developed a surgical technique in which a good visual field was ensured for adequate resection and reconstruction of the bile duct by resecting the anterior liver parenchyma at the hepatic hilum, the so-called inferior portion (S4a) of the medial segment of the left liver lobe. This was a step forward to approach the difficult-to-reach hilar bile duct. However, as was clarified by later studies of the local anatomy of the hepatic hilum, their resection technique inevitably left cancer behind in the resection margin. On the other hand, an attempt at radical tumor resection by hepatic lobectomy began in 1962 with left hepatic lobectomy by Altemeier [17] . In 1964, Quattlebaum first tried right hepatic lobectomy [18] , in which Bird et al. first succeeded in 1969 [19] . In the latter 1960s, Haynes et al. [20] and Cady and Fortner [21] reported successful left hepatic lobectomy. In the 1970s, cases of successful left hepatic lobectomy were reported in succession. In 1973, Longmire et al. [22] succeeded in combined right hepatic trisegmentectomy and portal vein resection with end-to-end anastomosis reconstruction. In 1976, Fortner et al. [23] succeeded in left hepatic lobectomy followed by heterotopic liver transplantation, and the patient survived for 8 months. From 1980 onwards, many reports were published from Japan as well as from Europe and the United States, and the number of cases of combined portal vein and liver resection increased yearly, as reported by Tsuzuki et al. [24] , Sakaguchi et al. [25] , and Nimura et al. [26] . Caudate lobectomy is another important surgical factor in performing radical surgery for hilar cholangiocarcinoma. Blumgart et al. [27] first described concomitant caudate lobectomy in 1979, but did not clearly state the rationale for it. Later, Japanese researchers, Tsuzuki et al. [24] , Mizumoto et al. [28] , Iwasaki et al. [29] , and Nimura et al. [30] successively published clinical study reports, and studies have demonstrated in more detail the clinically oriented local anatomy of the hepatic caudate lobe and the surgical anatomy of intrahepatic bile duct branches and the hepatic hilum [31] [32] [33] [34] [35] [36] [37] , achieving a worldwide consensus about the rationality of caudate lobectomy in surgery for hilar cholangiocarcinoma [38, 39] . In our department, we have performed concomitant caudate lobectomy in only 15 (40.5%) of the 37 patients to date. However, Mizumoto et al. [40] pointed out the importance of caudate lobectomy for hilar cholangiocarcinoma in 1984, and further histopathological studies demonstrated the invasion of caudate lobe parenchyma and bile duct branches by hilar cholangiocarcinoma. Therefore, we consider that caudate lobectomy is essential in any surgical technique of hepatectomy performed for hilar cholangiocarcinoma, that is, left hepatic lobectomy, extended left hepatic lobectomy, right hepatic lobectomy, extended right hepatic lobectomy, right hepatic trisegmentectomy, or S4a+S5 liver segmentectomy [41] . Currently, we have a policy to perform concomitant caudate lobectomy whenever possible. erative management for general open abdominal surgery, meticulous care is needed particularly to avoid postoperative liver failure in patients with hilar cholangiocarcinoma. Most patients with hilar cholangiocarcinoma present with obstructive jaundice, and US and CT can demonstrate dilatation of some or all intrahepatic bile ducts. In Japan, it is taken for granted that jaundice reduction by percutaneous transhepatic biliary drainage (PTBD) [42] decreases postoperative complications [8, 43] . With poor management of jaundice, the operative mortality is reported to be more than 20% [44] . In principle, all segments of the liver except the caudate lobe should be drained by PTBD to perform selective cholangiography necessary for the diagnosis of the degree of cancer extension (described below) and to prevent segmental cholangitis. In performing PTBD, it is essential to puncture a site away from the lesion. PTBD of a bile duct close to the site of biliary stenosis, where a cancer may be present, increases the likelihood of cancer extension or dissemination along the fistula. What is worse, the bile duct near the PTBD catheter insertion site is intensely inflamed, and Glisson's capsules undergo scarring in clumps, making it difficult to image-diagnose the extent of cancer extension. In addition, these changes can be misidentified as cancer during surgery, and the separation from arteries and the portal vein becomes extremely difficult, thereby constituting a serious impediment to performing radical surgery. Therefore, PTBD in the vicinity of the hepatic hilum is virtually contraindicated, and a site well away from the stenosis should be punctured [45] . Management of liver failure: Postoperative liver failure is the most serious postoperative complication of hilar cholangiocarcinoma, and accounts for the majority of postoperative in-hospital deaths [46] . Unlike the normal liver, the obstructive-jaundiced liver has some residual dysfunction even if biliary drainage has been performed for jaundice reduction. Therefore, liver dysfunction may develop after major hepatectomy. Since there is no effective treatment for postoperative liver failure, preoperative prevention is important. In addition to adequate biliary drainage for jaundice reduction and cholangitis prevention, portal vein branch embolization has recently come to be performed aggressively [47] . The portal vein branch of the segment to be resected is embolized to promote the atrophy of that region and the compensatory hypertrophy of the predicted residual liver, and major hepatectomy is scheduled for a few weeks later [48] [49] [50] . The catheter is inserted by puncture for ultrasound-guided percutaneous transhepatic portal embolization (PTPE) [51, 52] or by direct puncture of the ileocolic vein through a small laparotomy. A fibrin glue, ethanol, variceal sclerosing agent, Gelfoam, and embolizing coil are used as embolizing material. It is necessary to prevent the regurgitation of embolizing material, to embolize the site a little away from the predicted residual liver (as an inflammatory reaction may occur and make portal vein separation difficult), and to consider re-embolization if early re-canalization occurs in the embolized portal vein branch [53] .
Preoperative management
Diagnosis
To determine the surgical technique, it is important to determine the extent of cancer invasion. Nimura et al. analyzed the results of cholangiography, CT, and percutaneous transhepatic cholangioscopy (PTCS) in detail, diagnosed cancer invasion of caudate lobe bile-duct branches preoperatively, determined the liver segment to be resected, and performed combined hepatic segmentectomy and caudate lobectomy, thereby improving the curable resection rate and treatment results. Among various examinations, direct cholangiography by PTBD remains the current gold standard for the diagnosis of the degree of extension in the long (horizontal) axis of the bile duct [54] , which is most important for surgical technique selection, and the fundamental diagnosis of the degree of extension is made by interpreting the narrowing, sclerosis, and irregularity of the bile duct wall. In this regard, sufficient care should be taken not to aggravate the general condition by segmental cholangitis due to excessive imaging [55] . Our department performs PTBD as the fundamental preoperative jaundice-reducing procedure, diagnosis the degree of extension of hilar cholangiocarcinoma mainly by direct cholangiography, clarifies the anatomical characteristics of the vessels in individual patients by 3D-CT, and performs PTPE according to the hepatic reserve, thereby trying to more safely perform extended resection to increase the radical curability of hilar cholangiocarcinoma.
Resected patients
The mode of local extension of hilar cholangiocarcinoma is generally described as that in the vertical and horizontal directions [56] [57] [58] [59] . The degree of extension strongly influences the degree of cancer progression, that is, the prognosis. Regarding vertical extension, early biliary cancers, which are not exposed on the serosal surface, with an invasion depth of m or fm, and those with an invasion depth of ss have a better prognosis than those with a greater depth of invasion. However, as evident from the anatomical charac-teristics of the hilar bile ducts, cancers that have extended outside the wall of bile ducts tend to directly invade the anatomically adjacent liver parenchyma and vascular wall. In this regard, the histopathological parameters pHinf, pPV, and pA come into question, strongly influence the possibility of curable resection, and become major factors leading to pEM-positivity in resected patients [56] . Cancer extension in the horizontal direction, that is, in the upper and lower directions along the long axis of bile ducts, is also frequently observed, and comes into question in determining the extent of surgical resection. The mode of extension in the horizontal direction is divided into extension in the stroma (ly, v, pn) and that in the bile duct wall. The superficial extension type [60] , which extends by replacing epithelium without duct wall thickening, and is difficult to recognize by imaging modalities, as well as a skip lesion [61] , is rarely observed. Tumor cells are sometimes observed to extend in the stroma beyond the invasive front of the main tumor. These patterns of horizontal extension contribute to making it difficult to determine the extent of resection based on a negative resection margin (pHM, pDM). Some studies have reported that PTCS [62] and intraductal ultrasound (IDUS) [61] are useful to diagnose the degree of extension of the superficial extension type and skip lesion, while other studies have noted that the placement of a PTBD catheter makes it difficult to determine the boundary of the lesion because of bile-duct wall thickening and mucosal denuding [63] [64] [65] , requiring precautions.
In this study, the group negative for both parameters (pHM, pEM) related to the resection margin had a significantly better prognosis. The node metastasisnegative group tended to have a better prognosis, with no significant difference in the survival rate, suggesting that even if lymph node metastasis is observed before or during surgery, effective (residual tumor-free) lymph node dissection would lead to curability, promising a good prognosis. Since no effective adjuvant therapy for cholangiocarcinoma has been established to date, these results indicate the critical importance of performing surgery achieving final curability A or B. Unfortunately, multivariate analysis yielded no significant results regarding which histopathological parameters most strongly influenced the cumulative survival rate. We are considering further studies in more patients to aid in the determination of a treatment policy for hilar cholangiocarcinoma.
In conclusion, patients with an early, histologically well-differentiated hilar cholangiocarcinoma who have undergone surgery achieving final curability A or B can be expected to have a good long-term prognosis. Therefore, it is important not only to aim at early detection, but also to determine the extent of resection and surgical technique based on the accurate evaluation of cancer extension.
